The rockshelter of Benzú has a Middle-Upper Pleistocene stratigraphic sequence with ten levels, seven with evidence of human occupation. Speleothems have been dated by U/Th and the sedimentary levels by OSL and TL, showing that the sequence extends from 250 ka to 70 ka. In this paper, we summarise the results of geomorphology, chronostratigraphy and excavation, and provide preliminary results on the pollen, faunal and lithic remains. The location of the site on the North African coast of the Strait of Gibraltar offers the potential to throw light on contacts and relationships between prehistoric communities in North Africa and the South Iberian Peninsula, for whom the Strait may have served as a bridge rather than a barrier.
Introduction
The Benzú rockshelter is located on the North African coastline of the Strait of Gibraltar (Fig. 1) . It was discovered during an archaeological survey of Ceuta carried out by a team from the University of Cá diz (Bernal, 2002; Bernal et al., 2003 Bernal et al., , 2005 . The site is situated in a geographically strategic location directly facing the caves of Gibraltar (Finlayson et al., 2001 (Finlayson et al., , 2006 , and this allows a direct comparison between data from southern Europe and North Africa. The archaeological sequence at Benzú provides data on the natural environment and ecology of the surrounding region during the Middle and Upper Pleistocene . The lithic technology, attributed to Mode 3, Mousterian, shows many similarities with that found in the southern Iberian Peninsula (Ramos et al., 2006a) . Traditionally, any hypotheses concerning possible entry into Europe through this region by Palaeolithic populations have been disregarded, but this probably reflects the fact that western Asia has benefited from much more extensive investigation (Gamble, 2001; Stringer and Gamble, 1993; Mellars, 2006) . One of the main objectives of our work is to address the issue of possible contact between hunter-gatherer populations on either side of the Strait of Gibraltar during the Middle and Upper Pleistocene. Important advances have been achieved in palaeoecological studies at Benzú , with the focus now shifting to the archaeology and lithic technology. Particular attention will be given to the sourcing of raw materials, as well as to analyses of the technology and functional of the lithic artefacts.
The Geographical and Ecological Context
The site is situated within an Atlantic-Mediterranean environmental context and within a geological zone comprising two important mountain ranges: the Rif and the Betic, which enclose the Alboran Sea, creating a tectonic belt known as the 'Gibraltar Arc'. Prominent features are the limestone massif of Gebel Musa, which with the Rock of Gibraltar forms the ''Pillars of Hercules'', and Gebel Fahies (Fig. 1) . The area is structurally complex with intensive folding accompanied by metamorphism and large overthrust sheets, and there are similar geological features on both the southern European and North African side.
The Benzú rockshelter is 230 m from the present coastline at 61 m asl, next to the Arroyo del Algarrobo within the Bay of the Ballenera (Fig. 2) (Garriga and Tarradell, 1951) . It is located within the Beni Mesala geological system adjacent to the quarry at Benzú , on the western side of Ceuta. Characteristic materials can be found in its immediate surroundings: bluish grey phyllites, schists and quartzites, as well as important occurrences of Middle Triassic dolomite and bluish grey limestone. The morphology of the rockshelter is similar to the neighbouring cliff at Ras Yaú n (Cape Leona). The latter is dated to Oxygen Isotope Stage (OIS) 5-7 (Rodríguez-Vidal and Cá ceres, 2005), while morphotectonic comparison of both shores of the Strait of Gibraltar (Gebel Musa and Gibraltar) suggests that the formation of the Benzú rockshelter is slightly older, belonging to level MTU-4 of Rodríguez-Vidal et al. (2004) , with a date of ca 250 ka.
Description of the rockshelter and available resources
The Benzú rockshelter is created in a dolomitic formation, and the morphology is very abrupt, with some rock walls being almost vertical. A large section of the shelter ceiling has collapsed, and blocks measuring on average ca 16 Â 6 m are scattered in front of the shelter. In the southeastern corner of the rockshelter there is a small cave measuring 5.4 Â 4.6 m wide, with a very small entrance and a floor area of ca 14 m 2 . It has two separate circular galleries each less than 1 m in height, both of which have sandy deposits less than 1 m deep. Two stratigraphic levels have been excavated within these deposits and attributed to the Neolithic.
The archaeological deposit within the main rockshelter comprises carbonated breccia, speleothem formations and cave wall collapse, with an area of 61.1 m 2 , and a maximum depth of w5.5 m. Geological studies of sedimentation (Durá n, 2003) have identified 10 stratigraphic levels (numbered from the base upwards). Levels 1-7 contain evidence of human occupation, with lithic artefacts, bone and shell. The shelter has been subjected to typical natural processes such as ceiling collapse and sedimentation which reflect different climatic conditions and slope evolution. Recent studies on the micromorphology and bio-erosive features have shown that a major phase of marine erosion took place before any human occupation, predating OIS 9 (Abad et al., 2007) . The sediments show a sequence of climatic conditions (cycles). Levels 1-3 (Lower Cycle), 4-6 (Middle Cycle), and 7-8 (Upper Cycle) (Fig. 3) constitute episodes of accumulation, representing generally warm and humid conditions. Solifluction intrusions indicate episodes of colder climate. Level 9 is a breccia resulting from collapse of the shelter and is also associated with cold conditions. Levels 3b and 10 are flowstones, attributed to episodes of warm and humid climate (Durá n, 2003) .
The surrounding area offered numerous resources: marine (Ballenera Beach), terrestrial animals, plants and stone raw materials (Arroyo del Algarrobo), dolomite from Gebel Musa and Gebel Fahies, and freshwater from springs and underground wells (demonstrated by the presence of travertines in Beni Yunes village (see Fig.1 )). J. Ramos et al. / Quaternary Science Reviews xxx (2008) 1-9 2 U/Th was used to date the speleothem levels (Durá n, 2003 (Durá n, , 2004 and OSL/SAR to date the detritic sediments (Bateman and Calado, 2003; Calado, 2006) . The U/Th dates were processed by the IGME laboratory in Madrid and by the Instituto Jaime Almera-CSIC in Barcelona, and the OSL dates were processed by the University of Sheffield. A new experimental technique of dating speleothem and breccia using TL has also been carried out for comparison at the Universidad Autó noma de Madrid (Bené itez et al., 2004) .
The results from U/Th and OSL provide a consistent chronology for the whole sequence. Two U/Th dates of 70 ka are available for the speleothem formation which seals the stratigraphic sequence. Level 3b is a thin speleothem layer that covers part of level 3 and is dated by U/Th to 173 AE 10 ka. The OSL dates refer to the top of level 5 (Shfd020136: 168 AE 11 ka) and level 2 (Shfd020135: 254 AE 17 ka) (see Table 1 ).
These dates indicate that the whole sequence is older than 70 ka, with the earliest evidence of human occupation dated at ca 250 ka. Human occupation was intermittent and interspersed with periods of abandonment, the latter associated, in some cases, with episodes of geological instability associated with the partial collapse of the ceiling and mouth of the shelter.
The approximate minimum and maximum dates for each episode of accumulation indicate large variations in the rate of formation of the different layers and by implication the intensity and type of occupation of the shelter during the different phases. Level 3, for example, formed between 254 AE 17 and 173 AE 10 ka, a period of approximately 80 ka. In contrast, levels 4 and 5 were formed between 173 AE 10 and 168 AE 11 ka, only a few thousand years in comparison (Table 1) . One should clearly bear in mind these differences in evaluating the archaeological richness of level 3 in comparison with the archaeological material recovered from levels 4 and 5.
Methods

Excavation
The archaeological campaigns to date have concentrated on the study and definition of the geoarchaeological features of the deposit. All the lithic, bone and shell material excavated from level 7 during the 2002 campaign was recorded in situ. We also carried out an archaeological sounding of the full sequence, excavating levels 7 and 6 in 2003, levels 5 and 4 in 2004, and levels 3, 2 and 1 in 2005.
Most of the occupational levels are made up of calcareous breccias. In some cases, as in level 7, these are very compact and hard, sometimes cemented and with large rocks at the base. We experimented with various techniques to excavate the breccia, including the use of hammers and chisels, as well as different kinds of acids (hydrochloric and acetic). But these were ineffective and we resorted to a system of wedges and counter-wedges to remove blocks of deposit, techniques known to palaeontologists and stone masons but not usually applied to archaeological excavations. We took an area one metre square, divided it into a grid of 25 cm by 25 cm blocks, drilled vertical holes along the boundary of each block and horizontally beneath them, using a pneumatic drill, and extracted each block using steel wedges and hammers, with further drilling as necessary. Each block was then taken to the laboratory, and taken apart with hammers, small chisels and pneumatic microhammers with different percussion bits. Once the stratigraphic sequence is fully established, we aim to expand the area of excavation to better understand the association between features and archaeological artefacts and the spatial distribution of activities.
Palynology and anthracology
The samples for pollen were treated according to methods described by Coû teaux (1977) and Moore et al. (1991) , followed by pollen concentration with Thoulet heavy liquid (Goeury and De Beaulieu, 1979) . TILIA and TILIA-GRAPH (Grimm, 1992) were used for the construction of the pollen diagrams including percentages of tree, shrub, and herbaceous pollen. Pollen assemblage zones were based on the visual inspection of changes in at least two ecologically significant pollen taxa. Anthracological analysis of charcoal is still in progress (Uzquiano, 2006) , but the presence of Erica and Leguminosae in level 4 has so far been confirmed.
Fauna
Animal bones are very abundant and the assemblage comprises medium and small-sized prey suggesting an intensive human activity. The study of the bones, however, is complicated by the brecciated character of the deposit, which has so altered the material as to render taxonomic classification to the level of genus or species almost impossible. Faunal remains are currently being studied by Alfonso Arribas (IGME, Spain) and Carlos Díez (Universidad de Burgos). The recovery of the remains from the breccia matrix involves intensive laboratory work. The bones have to be extracted, refitted and consolidated before they can be analysed. For this we use both mechanical techniques, including hammers, ultrasound and sand-blasting, and controlled chemical techniques, such as dissolving in non-destructive acidic solutions.
Lithic technology
The objectives of the lithic analysis are to provide information on mode of production of stone tools and activities carried out in the site, with emphasis on raw materials, knapping and reduction techniques, and tool function, and comparisons with open-air sites situated in the surrounding area to address issues of mobility and the organisation of hunting strategies (Bernal et al., , 2005 . Lithic analysis is based on the Logical Analysis System (Sistema Ló gico-Analítico) of Carbonell et al. (1983 Carbonell et al. ( , 1992 Carbonell et al. ( , 1999 ; see also Thompson, 1981) , which attempts to bypass the subjectivity of traditional methods.
Raw materials and provenance
We use visual observations, colorimetric determinations, thin sections of geological and archaeological samples analysed by polarised light microscopy for information on texture, mineralogy, porosity, grain size and form and fossil content, and X-ray diffraction (powder method) for mineralogical characterisation (Central Services of Science and Technology of the University of Cá diz; (Chamorro et al., 2003) .
Results
Pollen
The pollen sequence is dominated by Cedrus, and to lesser extent, Pinus, Quercus and Juniperus, Other woody elements include Olea, Ceratonia, Alnus, Salix and Ulmus (Fig. 4) . The herbaceous component mainly comprises Artemisia, Asteraceae and Chenopodiaceae species. Shrubs, including heath taxa, are of minor significance. This pattern is typical of dry Mediterranean conditions, perhaps with the presence of permanent or semi-permanent bodies of water. There are, however, significant changes in vegetation composition, with a general reduction in arboreal, littoral and aquatic taxa, and a general decline in diversity over time, together with an associated increase of steppe taxa, all of which suggests a progressive decline in humidity. Another important feature is the absence in levels 1, 4, 7 and 9 of taxa associated with cold conditions, combined with changes in the structure and composition of the vegetation. Four distinctive pollen zones have been identified, which show a broad correspondence between changes in vegetation and cycles of climatic change inferred from the sediments. We further group these four pollen zones into two Cycles of vegetation change, Cycle A (pollen zones I and II) and Cycle B (pollen zones III and IV), each Cycle showing a shift from initially warm and humid conditions to drier conditions. Zone I coincides with the Lower Cycle identified from sediments and lithology (levels 1-3), and is characterised by an absence of pollen from level 1, and a dominance of arboreal vegetation in the other levels, with Cedrus, Betula and Quercus, together with Olea, Pinus and more rarely riverine taxa. Particularly notable in this phase is the high diversity within all categories of vegetation, as well as the development of the aquatic element. Juniperus and Ericaceae co-exist with other more Mediterranean elements such as Tamarix, Rosaceae and to a lesser extent Cistaceae. The herbaceous component shows the maximum diversity, as well as the largest selection of taxa. Another important feature is the presence of Pseudoschizaea, which is suggestive of flowing water, which is not found anywhere else within the sequence (Pantaleó n et al., 1996) . This phase therefore describes warm conditions, corroborating the information recorded from the sediments.
Zone II, corresponding to the Middle Cycle (levels 4-6), is associated with sediments that indicate relatively mild and humid conditions, though the pollen suggests a significant decline in forest taxa, characterised by the retreat of Cedrus and the expansion of pine, the substitution of Quercus spp. by Olea and the apparent absence of temperate taxa. This is also consistent with the expansion of heathers (which are eventually replaced by Juniperus). Herbs are dominated by Asteraceae, Artemisia, Ephedra and Chenopodiaceae, and together with the absence of aquatic taxa and a significant decline in diversity, suggest drier conditions. Nonetheless, the presence of riverine taxa together with Tamarix seems to indicate the continued presence of flowing water. Both these zones make up the first large cycle (Cycle A), which is characterised by a contraction of forest, a loss in diversity and an increase in aridity.
Zone III (levels 7 and 8) sees the recovery of the vegetation, with the arrival of warmer and more humid conditions. This is reflected in the dominance of tree taxa, with the return of Quercus, Olea, Ulmus and to a lesser extent Juglans, and by the expansion of Ericaceae. Non-arboreal pollen diversity increases, but steppe taxa are rare. There is also an increase in nitrophilous taxa, such as Rumex and Plantago, as well as an increase in aquatic taxa in response to an increase in standing water. Altogether this suggests an increase in temperature as well as a significant rise in humidity.
Zone IV is made up of levels 9 and 10. From a geological point of view, level 9 represents a cold stage, which is corroborated by the absence of pollen evidence. In level 10, however, we see the reemergence of vegetation indicating milder and more humid conditions, with the reappearance of forest taxa, the expansion of Cedrus and an increase of Olea and Quercus, together with the absence of temperate taxa and the gradual loss of riverine taxa. Ericaceae are absent and Juniperus and Cistaceae expand, together with steppe-dominated grass taxa. These data, together with the absence of aquatic elements, and the loss in diversity of taxa, indicate relatively dry conditions. Once again, these two zones define another larger cycle (Cycle B), characterised by a loss of diversity and an increase in drier conditions, similar to the previous cycle.
Fauna
The remains recovered during the 2002 campaign are abundant, and we have to date identified the presence of Bovidae of indeterminate genera in level 7 (Arribas, 2003) . During the 2004 campaign, I. Cá ceres (Universidad de Cá diz) identified in levels 5 and 6 of grid CVII a significant proportion of bones from medium-sized mammals, as well as a fragmented diaphysis of a medium-sized ungulate humerus, which shows signs of intentional fracturing and burning (Arribas et al., 2006; Ramos et al., 2006b) .
At this stage in the investigation, the data suggest that the human inhabitants took advantage of all the resources available in the surrounding area, including wetlands and the rocky environment of Gebel Musa, characteristic biotopes favoured by medium-sized mammals. Taphonomic analyses of the bonesdfractures and cutmarksdand studies of associations with lithic artefacts have yet to be completed.
Lithics
Raw materials
In level 7, siliceous raw materials dominate, comprising sandstones, flint and radiolarites. These include grey, cream and black massive flint, ochre, grey and brown compact sandstones, and different coloured radiolarites, especially red, pink and greenish grey. In levels 6, 5 and 4, sandstone dominates, with percentages around 90% (Fig. 5A-C) , and new types of flint and radiolarite are present. Thus, siliceous raw materials predominate, often of a very good quality, and there is a clear selection in the use of specific raw materials for particular types of tools (Domínguez-Bella et al., 2006) . Flint and radiolarite outcrops occur in the region at Ued Zarjan, Hafa ed Dohor, Hafa Queddana and Gebel Dersa, and these are currently under study. In the carbonate formations of the Gebel Musa Group, nearby the site, there occurs an opaque radiolariteflint, reddish-lilac in colour, associated with nodular limestones of the Toarcien-Aalenien formation, and green radiolarites attributed to the Dogger-Malm (Chamorro, 2004; Domínguez-Bella, 2004 ). The sandstones used in the lithic industry are similar to the Belliounes flysch formation, less than 1 km from the Benzú site, which show an alternation of coarse quartzitic sandstones with cream, grey or brown ones (Oligocene-Aquitanien). At this stage of analysis, the lithic industries appear to have been made on local raw materials available in the immediate vicinity or in the wider region of Benzú . Retouched tools, especially Mousterian points and scrapers, show a preferential selection for flint and radiolarite.
Technology and typology
A preliminary study of the lower sequence (levels 4 to 2), together with level 7, has produced a total of 9300 lithic artefacts (Table 2) . Core reduction includes unipolar, Levallois and general multi-polar centripetal techniques. Nodules were brought into the site and knapped in situ, as indicated by the presence and quantity of debitage, blanks and retouched tools. Blanks are in the form of flakes, although some blades are also present indicating considerable technical ability. Retouched artefact types include a variety of scrapers: simple, double, transversal and asymmetrical (types R11, R21, R22, R23 of Laplace, 1975) (Fig. 6 ), Mousterian points (type P21), and, less abundantly, notches and denticulates (types D21 and D23).
Use-wear
Preliminary studies have established that microwear traces are present on the artefacts and have not been erased or obscured by contact with brecciated sediments, fire, or other post-depositional factors (Clemente, 2006) . Further analysis has demonstrated a difference between level 5 and level 6. Three scrapers recovered from level 5, made respectively on jasper, whitish-grey flint and compact sandstone or quartzite, show typical evidence of hide scraping, probably fresh hide given the low angle of the tool and limited smoothing of the working edge (Fig. 7) . It has been demonstrated experimentally that both sandstone and quartzite show evidence of use-wear polish, and the wear visible on the Benzú material is typical of that produced experimentally when hide (or fat) is processed in the presence of abrasive materials, such as sand or earth (Clemente, 1997; Gibaja et al., 2002 ).
Three scrapers analysed from level 6, two made from sandstone, the third from flint with evidence of thermal alteration, show evidence of contact with a medium-hard material, such as wood (Fig. 8) . The artefact CB-03-CVII-6-36 is particularly significant. The retouched edge (with a 55 angle) has not been utilised, whereas the other side, the natural edge with an angle of 35-40 , is the one with evidence of use-wear. This shows that the retouched edge was not the working edge, but a blunted edge designed to avoid injury when held in the hand.
Discussion
Pollen analysis
The pollen results indicate predominantly warm climate conditions, with significant fluctuations in humidity, and two distinctive cycles of vegetation change, Cycle A (Zones I and II) and Cycle B (Zones III and IV). Both Cycles show a similar sequence of changes, beginning with the establishment of temperate and Mediterranean J. Ramos et al. / Quaternary Science Reviews xxx (2008) 1-9 6 forest with a high diversity of shrubs and grasses, and riverine and aquatic taxa (Zones I and III), followed by a period of deforestation, the disappearance of temperate taxa and a general decline in taxonomic diversity (Zones II and IV). Each pollen zone is separated by a layer that is relatively sterile in pollen grains. We also note the effect of a progressive reduction in humidity on Mediterranean open landscapes, seen in the transitions from Cycle A to Cycle B (Ruiz Zapata and Gil García, 2003) , and how this sequence of recovery/ degradation is translated into a progressive loss of diversity.
The limited evidence for cold conditions is consistent with OIS 7 or OIS 5. In spite of differences of local geography, tentative comparisons can be made with data from the Iberian Peninsula. The travertine of Horna (Ruiz Zapata et al., 2002) developed on the T4 terrace of the Henares River has a maximum date of 135 AE 12 ka and defines lithologically the warm conditions of OIS 5. Palynology of this deposit indicates a progressive replacement of forest, dominated by Pinus and Betula as well as other temperate taxa, indicative of a warm-humid climate, by predominantly grassy vegetation and by a more Mediterranean tree composition, including Quercus, in response to a much drier climate. The Middle Pleistocene is recorded at the archaeological sites of Salchicha Inferior and Pinedo on the Tagus River near Toledo. Pollen from Salchicha Inferior, on the 40 m terrace, suggests a Mediterranean climate with pulses of greater humidity and a tendency towards drier conditions (Martín Arroyo, 1998) . From Pinedo, on arid land on the 30 m terrace, the pollen shows a reduction in temperate tree and aquatic taxa, reflecting drier conditions (Martín Arroyo et al., 1996 Ruiz Zapata et al., 2004) . The pollen recovered from the peat bog of Padul in Granada (Florschü tz et al., 1971; Pons and Reille, 1988) shows an erratic development of Quercus ilex forests, indicating a Mediterranean climate with a tendency towards quite humid conditions.
Lithic technology
The lithic material has a bearing on two issues. One is the nature of the activities carried out at the site. The combination of classic techno-typological studies with use-wear analysis shows that the activities represented by the artefacts can be identified in some cases. At present the number of artefacts analysed for their usewear is too small to indicate whether the differences between level 5 with evidence of hide-working, and level 6 with evidence of wood-working, represent a consistent trend through time or different activities carried out in different parts of the rockshelter. But the success of use-wear analysis encourages future work on larger samples.
The other issue is the question of connections across the Strait of Gibraltar Ramos et al., 2003) . The techno-typological and use-wear analyses of the lithic industry are unlikely to offer any relevant information here because similarities in this respect between different regions, although suggestive, might simply be the result of independent convergence, or diffusion of lithic traditions from a common source in the Near East rather than directly across the Strait. Analysis of raw materials, however, offers a more promising line of investigation. One difficulty, of course, is the similarity of the geological formations on either side of the Strait, and the results obtained so far from Benzú suggest that all the raw materials used on the site were obtained locally or from the African side. However, extension of such studies to a wider range of sites and raw materials, and the use of a wider range of analytical techniques capable of discriminating between distinctive mineralogical and geochemical signatures may throw more light on this issue in future.
Conclusions
The Benzú rockshelter has a sequence of deposits dated by U/Th and OSL techniques, which produce consistent results, and indicate a chronology extending from ca 250 ka to 70 ka, the date of the speleothem formation that seals the top of the sequence. The stone tool industries throughout are of Mousterian (Mode 3) type. The stone artefacts are made on a variety of raw materials of good quality including quartzite and flint, which are abundantly available locally or in the wider region. There is evidence for the deliberate selection of particular raw materials for particular types of artefacts, and evidence of production, retouching and maintenance of artefacts within the site. Use-wear analyses conducted on a small number of scrapers have demonstrated working of hides and wood. The faunal remains are too fragmentary to provide specific indications beyond the presence of small and mediumsized ungulates including Bovidae. The pollen analysis describes predominantly warm conditions, with fluctuations in humidity and a long-term trend to increased aridity and reduced taxonomic diversity. The hominin species responsible for the manufacture of the Benzú material is unknown, although recent data from Gebel Irhoud suggest the association of Homo sapiens with a Mode 3 stone industry (Zouak, 2001 ). The site is well placed to throw light on potential connections across the Strait of Gibraltar between Africa and Europe. The stone tool industries on both sides of the Strait closely resemble each other, but this in itself is not decisive evidence for contacts, and further work on the sourcing of the raw materials used to make the stone artefacts will be required to throw more light on this issue.
